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Table 1. Analysis of variance the effect of Lippia citriodora, Origanum vulgare, Phlomis fruticose, Satureja
spicigera and Syzygium aromaticum Eos on the Pectobacterium carotovorum and Pectobacterium atrosepticum.

Source of variation df Mean squares
Plant 5 1.173™
Bacteria 1 2.43™
Plantx Bacterium 5 0.27™
Error 24 0.002
cv 0.54%

**Significance level at 1%
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Fig. 1. Inhibition zone of Pectobacterium carotovorum and Pectobacterium atrosepticum under the treatments of
five Eos. Gentamicin antibiotic as positive control. a: Lippia citriodora Eo, b: Satureja spicigera Eo, c: Phlomis
fruticose Eo, d: Syzygium aromaticum Eo, e: Origanum vulgare, Eo, f: Tween 80 as negative control.
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Fig. 2. Agar disk diffusion results and MIC below concentration of Eos against Pectobacterium carotovorum and

Pectobacterium atrosepticum.
Values within a column followed by the same letter do not differ at 5% level.
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Table 2. Minimum inhibitory and bactericidal effects of Lippia citriodora, Origanum vulgare, Phlomis fruticose,
Satureja spicigera and Syzygium aromaticum Eos against Pectobacterium carotovorum and Pectobacterium

atrosepticum

MIC and MBC (PPM)

Plants P. carotovorum P. atrosepticum

MIC MBC MIC MBC
L.citriodora 125a 250a 15.62b 31.25b
S. spicigera 125a 250a 62.5b 125b
P.fruticose 31.25¢ 62.5¢C 31.25d 62.5d
S. aromaticum 62.5b 125b 31.25b 62.5b
O.vulgare 62.5b 125b 31.25¢ 62.5¢C
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Table 3. Fractional inhibitory concentration index of Lippia citriodora, Origanum vulgare, Phlomis fruticose,
Satureja spicigera and Syzygium aromaticum Eos against Pectobacterium atrosepticum and Pectobacterium
carotovorum.

Eos Pectobacterium carotovorum Pectobacterium atrosepticum
- S. P. S.aro 0. I S. P. S. 0.
Lac(;trgo spicige  fruticos maticu vulgar L.C|trra|0do spicige  fruticos aromaticu  vulgar
ra e m e ra e m e
L.citriodora - -
S. spicigera | - S —
P. fruticose A A - S A -
S.aromaticum A A S - S A S _
O. vulgare A A S S - S A S S —

The three divisions of interactions of Eos are summarized with the following signs: S: synergistic, I: indifferent,
A: additive.
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Fig. 3. Optical density in biofilm inhibition test in relation to five plant species Eos in the highest and
lowest MIC concentrations.

PCC: Pectobacterium carotovorum, BPPC: Lippia citriodora and Pectobacterium carotovorum,
GPPC: Pectobacterium carotovorum and Phlomis fruticose, PPPC: Origanum vulgare and
Pectobacterium carotovorum, MPPC: Pectobacterium carotovorum and Satureja spicigera, MIPPC:
Pectobacterium carotovorum and Syzygium aromaticum, Pa: Pectobacterium atrosepticum, BPa: P
atrosepticum and Lippia citriodora, GPa: Pectobacterium atrosepticum and Phlomis fruticose, PPa:
Pectobacterium atrosepticum and Origanum vulgare, MPa: P, atrosepticum and Satureja spicigera,
MIPa: Pectobacterium atrosepticum and Syzygium aromaticum. Positive control: bacteria culture
without Eos, and negative control: sterile water.
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Table 4. GC-MS analysis for Eos of Lippia citriodora, Origanum vulgare, P. fruticosa, Satureja spicigera and
Syzygium aromaticum. Their Eos major constituents are bolded.

Phlomis fruticose Lippia citriodora
Compound RI Amount (%) Compound RI Amount (%)
cis—Salvene 852 0.05 ALPHA.—PINENE 939 0.5
(E)-2—Hexenal 854 0.1 Sabinene 976 1.3
alpha.—Thujene 931 0.1 1 OCTEN 3 0L 978 0.5
ALPHA.—PINENE 939 0.7 5-Hepten—2—one 985 3
Camphene 953 1.9 3-Octanol 993 0.1
Sabinene 976 0.1 Limonene 1031 10.3
beta.—pinene 980 0.9 Eucalyptol 1033 5.4
Myrcene 991 0.6 trans—.beta.—Ocimene 1050 0.7
3-Octanol 993 0.07 gamma.—Terpinen 1062 0.05
ALPHA. TERPINENE 1018 0.06 cis—Sabinenehydrate 1068 0.1
p—Cymene 1026 0.1 Perillen 1100 0.08
Limonene 1031 1.2 Linalool 1098 0.4
Eucalyptol 1033 7.6 CYCLOCITRAL 1125 0.2
gamma.—Terpinen 1026 0.1 CIS-LIMONENE OXIDE 1134 0.1
Linalool oxide 1074 0.04 Citronellal 1153 0.2
cis—Sabinenehydrate 1068 0.2 Carane, 4,5-epoxy—, 1179 0.4

trans
ALPHA.-TERPINOLENE 1088 0.1 ALPHA.—ERPINEOL 1190 0.1
cis-Thujone 1102 17.47 NEROL 1228 15
trans-Thujone 1114 2.6 Neral 1240 19.3
Camphor 1159 15.42 Piperitone 152 0.2
Isomenthone 1164 0.1 Isogeraniol 1273 23
ALPHA.-TERPINEOL 1190 0.8 Thymol 1306 0.5
Bornyl formate 1217 29 £|sopropenyl-1— 1342 0.4

methyl— 1,2—

cyclohexanediol
Carvenone 1252 0.04 Geranyl acetate 1386 2.4
Geranial 1255 0.06 BOURBONENE 1385 0.5
Pulegone 1257 24 Caryophyllene 1404 2.5
CIS PIPERITONE OXIDE 1263 9.4 BETA.-GURJUNENE 1432 0.1
Isopiperitenone 1272 0.2 Humulene 1460 0.2
Bornyl acetate 1285 14 trans—.beta.—Farnesene 1458 0.7
Thymol 1306 0.2 Ar—Curcumene 1479 3.7
Carvacrol 1322 0.1 GERMACRENE-D 1480 0.5
exo—2—-Hydroxycineole acetate 1344 0.05 bicyclogermacrene 1494 0.7
ALPHA.-TERPINENYL 1374 0.4 Himachalene 1500 0.3
ACETATE
Piperitenone 1347 54 gamma.—Cadinene 1513 0.2
PIPERITENONE OXIDE 1363 11.7 Geraniol butyrate 1562 0.09
Caryophyllene 1404 1.1 Nerolidol 1564 1.6
Humulene 1460 2.9 Germacrene 1580 0.3
Valencene 1474 0.05 Spathulenol 1576 45
GERMACRENE-D 1480 0.1 Caryophyllene oxide 1594 5.2
LEDEN 1493 0.1 Cedrenol 1615 0.1
Chamigrene 1500 0.04 Carotol 1615 0.4
Spathulenol 1576 0.06 alpha.—Cadinol 1653 0.9
Caryophyllene oxide 1594 0.2
Veridiflorol 1590 7.4

Origanum vulgare Satureja spicigera
Compound RI Amount Compound RI Amount
(%) (%)

(E)-2—Hexenal 854 0.06 alpha.—Pinene 939 0.3
ALPHA.-PINENE 939 0.7 Camphene 953 0.06

Camphene 953 0.1 beta.—Myrcene 991 0.4
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Sabinene 976 1.2 alpha.—Terpinene 1018 0.1
beta.—pinene 980 1.3 para — cymene 1026 45
Myrcene 991 0.9 D-Limonene 1031 0.1
3-Octanol 993 0.3 beta.—Phellandrene 1031 0.04
Limonene 1031 1.2 gamma.—Terpinen 1062 0.09
beta.—Phellandrene 1031 0.1 p—Isopropenyltoluene 1103 0.1
Eucalyptol 1033 7.8 Linolool 1098 0.6
cis—Sabinenehydrate 1068 0.1 Borneol 1171 0.1
Linalool 1098 0.08 Terpinen—4—ol 1177 0.9
1 OCTEN 3 YL ACETATE 1110 0.05 alpha.—Terpineol 1189 0.3
Nonanal 1102 0.08 Benzene, 1-methoxy—4— 1244 0.1
methyl-2—(1-
—methylethyl)
3-OCTANYL ACETATE 1124 0.1 Thymol 1290 0.4
Sabinol 1140 0.05 Carvacrol 1317 88.5
Menthone 1154 5.3 Eugenol 1373 0.1
Isomenthone 1164 0.6 Thymyl acetate 1366 0.07
ALPHA.— TERPINEOL 1190 0.3 Caryophyllene 1427 0.1
Bornyl formate 1217 0.5 Geranyl acetone 1457 0.1
Cuminic aldehyde 1239 0.4 Ar—Curcumene 1483 0.04
Carvenone 1252 0.08 beta.—Bisabolene 1509 15
Pulegone 1257 8.9 Caryophyllene oxide 1581 0.2
CIS PIPERITONE OXIDE 1263 29.5
Isopiperitenone 1272 0.4
Bornyl acetate 1285 0.4
Geraniol formate 1300 0.1
Nonanol acetate 1312 0.1
Barosma camphor 1304 0.07
Thymol 1306 0.2
Carvyl acetate 1337 0.06
exo—2—Hydroxycineole 1344 0.05
acetate
ALPHA.— TERPINENYL 1345 1.3
ACETATE
Piperitenone 1347 9.3
5-Allyl-2— methoxyphenol 1362 0.1
PIPERITENONE OXIDE 1363 21.9
Caryophyllene 1404 0.8
Dihydropseudoionone 1456 0.1
Humulene 1460 0.2
GERMACRENE-D 1480 0.2
Caryophyllene oxide 1594 0.2

Syzygium aromaticum

Compound RI Amount (%)
alpha.—Pinene 939 0.03
—5-Hepten—2-one, 6-methyl 988 0.05
Phenol, 2—methoxy 1101 0.07
4—(2—Propenyl)phenol 1254 0.17
Carvacrol 1317 0.69
Eugenol 1380 98.7

Caryophyllene 1427 0.2




e g My 89y 12 (AU S il 31 (B gy w10y, 08 g (ST

AEA

mtensity
2500000 |

2000000

1500000

1000000

500000 l
i

N L
200000 .

intensity

2500000

2000000

1300000

1000000

300000

dot,

Ll l

1
l lAJAii¢JJMJLlAAJ lﬁ i
200000 - d 100
10 20 30
min
intensity
2500000
2000000
1500000
1000000-|
500000 ‘MAJ ‘
T
200000 Mol !J_,[H A 1 Ly | 1.00
10 20 30

T

ESoaF o) oDty 555 C oty B ged 4 A 1lad 8 4 Las ook ] szl sla wilul 1 8 gileg S —F S

Fig. 4. Chromatogram of Eos related to: A: Lippia citriodora, B: Origanum vulgare, C: Phlomis fruticose, D:

Satureja spicigera, F: Syzygium aromaticum
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Abstract

Plant—derived essential oils (EOs) are a major group of environments—friendly compounds with antibacterial
properties that have been used during the last decade. This study aimed to identify the chemical composition and
evaluate the antimicrobial activity of EOs from Lippia citriodora, Origanum vulgare, Phlomis fruticose,
Satureja spicigera, and Syzygium aromaticum against two soft rot- including bacteria, Pectobacterium
carotovorum and Pectobacterium atrosepticum. Plants were collected from Khuzestan province, and their
essential oil composition was determined from gas—chromatography—mass spectrometry (GC-MS) analysis. The
antibacterial effect of Eos was measured by the disk diffusion method. The effect of EOs on biofilm formation
was also assayed. In addition, minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC) were calculated accordingly. The interaction among the EOs was calculated according to the fractional
inhibitory concentration (FIC) index using the Modified Dilution Checkboard method. The result showed that all
Eos inhibited bacterial growth. The highest MIC (31/25) was attributed to P. fruticosa against P. carotovorum
while the lowest MIC (125) belongs to L. citriodora and S. spicigera against P. carotovorum. FIC index showed
that L. citriodora and S. spicigera are neutral to P. carotovorum. Analysis of GC-MS chromatogram indicated
that the major constituents of P. fruticosa, L. citriodora, O. vulgare, S. spicigera, and S. aromaticum were cis—
Thujone (17.47%), lIsogeraniol (23%), cis Piperitone oxide (29.5%), Carvacrol (88.5%), Eugenol (98.7%),
respectively. According to the results, in high MIC of Eos (125 ppm), bacteria were not able to form biofilm.
Our results indicate that these five plant species have antimicrobial activity against Pectinbacterium species.
Among all Eos used, L. citriodora and P. fruticose showed the highest activity which, therefore, can be
recommended for further applications.
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